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Application August 21, 950, Seia, No. 80,64 

(C. 333-0) 4. Cains. 

This invention relates to the measurerilent of 
the periodic signal component of an electrical 
Woltage which includes randon inoise energy of 
Varying polarity and of amplitude which may be 
high. With respect to the periodic signal conpo 
Ilent to be neasured. 

in a in Ore Specific aspect, the invention relates 
to geophysical exploration wherein relatively low 
amplitude signals reflected from sub-surface beds 
Or resistive interfaces are to be measured in the 
presence of noise Signals that are of relatively 
high anapiitude. 

In electrical exploration for detection of Sub 
Surface reflecting horizons as an indication of 
Structure related to petroleum or mineral de 
posits, constant frequency current pulses may be 
applied to the earth's Surface and potentials re 
Sulting therefrom may be reasured at Selected 
locations With respect to the point of application 
of the current. Sources of random noise energy 
that Ordinarily make the measurement of low 
amplitude reflections impossible, or at best, very 
difficult, include Stray 60 cycle energy from power 
lines, varying telluric currents and others, most 
Or all of Which ordinarily are beyond control of 
a geophysical exploring party. Warious meas 
uires have been taken to eliminate, buck out, or 
otherwise coli pensate for the random noise en 
Countered. However, in many instances, such 
neaSures have been found to be inadequate since 
the noise energy is, in general, in the same fre 
quency range and often is many times the ampli 
tude of the signal to be detected. 

In accordance With the present invention, a 
Composite electrical voltage consisting of random 
noise of Varying polarity and amplitude combined 
With a periodic signal component is detected and 
the periodic signal component is measured by 
Cointinuously converting the conposite signal to 
stored energy in form corresponding with that of 
the signal. The stored energy is detected and 
repeatedly COEnbined later in time with said com 
posite Signals in a phase relation or at a repeti 
tion rate that is determined by the frequency of 
the periodic signal corpoieit. For each con 
bining operation, the periodic signal component 
of the detected energy is added in phase-coinci 
dence With the periodic signal component of Said 
composite signal appearing latei' in time. How 
ever, the Sun of the combined signals is then 
Stored as energy, and the foregoing is repeated 
whereby the ratio of the periodic signal compo 
next of Said composite Signal to said noise is re 
peatedly and incrementally increased. 

For a more complete understanding of the 
present invention, reference may now be had to 
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the following description taken in conjunction 
With the accompanying drawings in Which: 

Fig. 1 is a Schematic diagram of an exploring 
Systern enabOdying the invention, 

Fig. 2 is a block diagram representative of a 
portion of Fig. 1; 

Fig. 3 is a graph illustrating operation of the 
systeria of figs. 1 and 2, and 

Fig. 4 is a modified storing systein. 
For the purpose of the present description, an 

electrical prospecting System including a mag 
netic Storing unit will first be described in some 
detail and thereafter a noire coinete and SOther 
What, inore general analysis of certain features of 
Construction and operation together with other 
Iodifications Will be described. 
In the Systern illustrated in Fig. 1, current from 

a source generically represented by a battery fit 
flows through the earth betWeen electrodes 
and 2. The character of the current flowing 
through the earth may be controlled by a com 
mutating device represented by the double-pole 
double-throW Switch 3. The arts of the SWitch 
3 are mechanically coupled and actuated 
through realins indicated by the dotted line 4 
leading to a driving motor 5. The arms of the 
SWitch i3 are repeatedly driven through coupling 
4 from a first closed circuit position to a Second 

closed circuit position at a Selected COnStant rate 
to produce Spaced Square wave current pulses 
alternately of opposite polarity in the earth be 
tWeen electrodes and 2. Two and a half 
cycles of Such pulses are illustrated and noted by 
the reference character 6. The length of the 
pulses 6 as corn pared with the period or the 
Space theireleetween depends, of course, upon 
the length of dwell of the arms of SWitch 3 in the 
closed circuit, positions. For the purpose of the 
present description, it will be a SSunned that the 
Current pulses and the Spaces between pulses are 
equal in duration. The repetition rate or the 
frequency of the input Signal may be selected in 
accordaince With the teachings of the prior art 
from between A to 30 cycles per second. 

It is well known that the flow of Such square 
Wave current pulses in a given portion of the 
earth produces potentials which may be related 
to earth structure and, in electrical prospecting, 
the measurement of such potentials yields valu 
able inforation as to the character of the earth 
Structure. 

If the current electrodes and 2 and detect 
ing electrodes 2 and 2 are oriested so that each 
electrode is at One corner of a rectangle, it has 
been found that a potential pattern 22 (shown 
free of noise energy) will be detected between 
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electrodes 25 and 2 as a result of the input pulses 
6. It will be recognized that the potential pat 

tern or wave 22 also comprises two and One-half 
cycles corresponding with the current pulses 6. 
As has been more fully disclosed in co-pending 
application, Serial No. 112,741, to Charles I. Beard, 
a co-employee of applicant, it has been found 
desirable to reproduce at least one complete half 
cycle of the wave form 22 undistorted by noise 
impulses. In accordance with the present in 
vention, one, two or several cycles may be repro 
duced in their true character by increasing their 
amplitude without corresponding increase in Iran 
dom noise components. The noise components 
have not been shown in Fig. 1, but they may be 
many times the amplitude of the Wave form 22 
as detected by electrodes 25 and 2i and are ran 
On in their OCCUelce. 
In one form of the present invention, the de 

tected signal represented by the Wave form 22 
plus the obscuring high-amplitude noise compo 
nents appearing as the voltage (in) is applied to 
the grid circuit of a mixer or bridge amplifier 26 
comprising tubes 25 and 26. More particularly, 
electrode 22 is connected by way of resistor 2: to 
the grid of tube 25. The tube 25 with its cathode 
resistor 25 a forms one arm of the bridge circuit. 
The tube 26 with its cathode-resistor 26d forms 
an adjacent arm thereof. The resistors 28 and 29 
complete the bridge circuit. Battery 3 is Con 
nected across one diagonal of the bridge. The 
electrode 2 is connected to one side of the other 
diagonal of the bridge, the point 3, which is the 
electrical ground of the amplifier 24. The output 
of the bridge is taken across the diagonal defined 
by ground point 3 and the common juncture 3 a. 
between the resistors 28 and 29. A conductor 32 
leads from the output point 3 a to the input of a 
modulator 33 forming a part of a magnetic re 
cording system. Resistor 34 connected between 
the output point 3 a. and the grid of tube 25 forms 
a feedback path for degenerative action in the 
bridge amplifier. The size of feedback resistor 34 
controls the gain of the bridge amplifier and the 
manner of its selection will later be explained in 
detail. 
The signal output from the bridge amplifier 

applied to the modulator 33 is impressed upon an 
oscillator 3 to frequency nodulate the output 
thereof which is then stored as magnetic energy. 5 

In the form illustrated in Fig. 1, a Continuous 
loop of magnetizable material 33, Such as is used 
in magnetic recording devices, is driven over 
pulleys 3 and 38 by the motor 5. The Speed or 
velocity of the tape 3S preferably is maintained 
constant and directly proportional to the rate at 
which the arms of the colliamutating Switch 3 are 
actuated. The output of the oscillator 3 is imir 
pressed on a recording head 39 adjacent the mag 
netic tape 36. Thus, a signal detected between 
electrodes 23 and 2 passes through the bridge 
amplifier 24 to the modulator 33 to frequency 
nodulate the oscillator 35 whose output then has 
a frequency variation corresponding With the 
wave shape of the input signal (vin). This out 
put is then recorded on the magnetic tape 36. 
With the tape 36 traveling in the direction of the 
arrow 3, the signali recorded thereon is detected 
by a transducer £3 positioned later in the travel 
path of loop 36. As illustrated, the recording 
head 39 and the transducer A3 are positioned at 
dia.netrically opposed points on the loop 36. Tihe 
Oop 36, in this for of the invention, preferably 
has such a relation between liength and speed that 
two complete cycles Of the Signal wave 22 will be 
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4. 
recorded thereon. In other words, the loop is two 
wave lengths long with respect to the Signal 22, 
a given point on the loop 36 traversing the entire 
path thereof during the time interval of two con 
plete cycles of the repetitive signal 22. A dis 
criminator 35 coupled to the transducer A3 de 
modulates the detected signal and applies the 
output (to) to an oscilloscope S where the Signal 
raay be viewed, measured, photographed or other 
wise studied. 

Detailed descriptions of the nodulator 33, Oscil 
lator 35, transducers 39 and 33, the discrimina 
tor 33, and certain details concerning construct 
tion of the loop 36 and its driving nechanisin 
have been omitted since they are generally Well 
known and understood by those skilled in the art. 
Further, recorders using magnetic tapes Suitable 
for use as set fort herein and including the above 
components are available connercially. One 
such device is manufactured by the Brush Devel 
opment Company of Cleveland, Ohio, and mark 
eted as “Transient Recorder BT-502.' 

It will be remembered that without further 
treatinent or modification, the Signal (to) thus 
appearing on the oscilloscope in general includes 
noise energy which masks and nakes COInpletely 
unidentifiable the component hereof COFI'espond 
ing with the wave forn. 22. To eiiminate the 
effects or the presence of the noise on the OScillo 
scope &S, there is provided in accordance With the 
present invention a feedback Systern including a 
second aliiplifying bridge network 58. The net 
work 53 is connected by way of conductor 5 and 
ground to the output of the discriminator 45. 
The output (2) of bridge 3 is in turn Coupled 
through resisto: 52 and conductor 53 directly to 
the input grid of the tube 25 of the input ampli 
fying bridge circuit 24. The bridge circuit 53 is 
identical in construction and operation. With that 
of the input bridge circuit, except that a variable 
feedback resistor 5-3 is provided to Control the 
amplitude of the feedback voltage (22) applied 
by Way of conductor 33. The voltage (2) fed 
back into the first bridge network is So Irelated 
in time with subsequent cycies of the periodic 
signal component 22 of the input Signal (in) that 
the periodic signal components of (Jin) and (22) 
are added “in phase' at the grid of tuge 25. ihat 
is, if resistoi's 2 and 52 are equal, the Voltage 
effective Cin the grid of tube 25 will be propor 
tional to (vin--22). It will b2 apparent that other 
naixing circuits could be enployed at the input to 
tube 25 to affect the desired coinioining of the in 
put signalis thereto. in any case, for each cycle 
the periodic siginal Congonent of the Signal in 
pressed on the tape 33 is increased in a Siauch aS 
there are added together a direct input signal and 
a Stored signal. 

Since inoise Cornponents, by definition, are 
either of randon nature Or are irrational in fre 
quency as corn pared to the firequency of the peri 
odic Siginal Component 22, the inoise COrigozhentS 
Will not be increased Ol' reinforced. Oil the On 
trary, the noise componentS may be cancelled out. 
In any event, there is attained a disproportion 
ately large increase in the Signal-to-noise ratio. 

Order to effect the proper phasing between 
the feedbaglk Siginal. (2) aid tha input, Signal 
(in), it is necessary that the velocity of the tape 
3 and the Spacing between the recoiding head 
3 and the tiansducer f3 be so adjusted that the 
tine-distance between the recording and detect 
ing hea is a SSociated With the tape 36 is equal to 
an even integral intriber of Wave engths of the 
periodic Signal corponent 22 of the Composite 
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signal stored on the tape. As briefly mentioned 
above, the loop 36 preferably is two Wave lengths 
long in terms of the signal component 22. 

If the total gain of the System comprising the 
modulator 33, the oscillator 35, the transducers 
39 and 53 and the discriminator $5 is unity, and 
the bridge amplifier 53 in the feedback network 
has unity gain, then the increase in the periodic 
Signal corponent of the Voltage stored on the 
tape 33 will be directly proportional to the nun 
ber of storing Operations. This will be readily 
understood by a SSLining an initial condition 
Where no Signal has been Stored on the tape 35. 
Thereafter, the first cycle of signal 22 Wii be 
recorded on the tape 36. Its amplitude, for pur 
pOSes of the present discussion, Will be assurned 
to be equal to unity. If, now, the distance be 
tween the recording head 39 and the transduce 
43 is one wave length long for the frequency of 
Wave 22, the first cycle of that Signal which was 
recorded Will be detected, fed back, and added 
at the input grid of tube 25 in phase, as respects 
that frequency, to the Second cycle thereof. Their 
amplitude will theireby be doubled. For each Sub 
sequent cycle, the relative amplitude of the Sun 
Will be further increased. 
More particularly, the signal of double axiplin. 

tude as reproduced by the transducai 4:3 will 
apply a positive feedback signal of double ampli 
tude by way of the bridge 59 to the grid of tube 
25. Thus, the signal of double anpitude will be 
added at the aforementioned grid to the Succeed 
ing signal fron electrodes 28 and 2i and the Sun 
will then be recorded on the loop 33. Meanwhile, 
by means of an erasing or obliterating System 
generically represented by the circuit 3i, the 
Stored Signal Will be renoved after detection by 
the tra,InSducer 3 to clear the loop 36 for the 
storage of the inext signal. thus, as the double 
signal added to the succeeding signal arrives at 
the transducer 38, the signal of trebled airpli 
tude will be recorded and later applied by trans 
ducer 43 and discriminator 35 to the aimplifying 
bridge 5) for addition at the grid of tube 25 to 
the next Succeeding signal. 

In the foregoing Inannel, the airplitude of the 
signal of regular and predeterined frequency 
may be increased as desired depending, within 
the range of amplification of the electronic corn 
ponents, only on the number of cycles of the sig 
nal 22 to be added to the Successively stored 
Signals. 

During the foregoing cumulative increase in 
the airplitude of the periodically recurring signal, 
random noise present, which frequently upon 
initial application of the signal to be detected 
may greatly exceed the anplitude thereof, Will 
not be increased in the above manner for the 
reason that noise energy in general does not have 
the characteristic of unifornia frequency out is 
of Variable frequency and amplitude and, hence, 
in the culimulative Operations above described 
there will be both Subtraction and addition of 
noise energy, Whereas there will always be in 
phase addition of desired signals. It is as been 
determined in practice that by the curiulative 
process referred to, the signal-to-noise ratio inay 
be greatly increased and there inay be obtained 
from the Signals applied to the earth's surface 
potential waves sufficiently unaffected by noise 
energy to be of great Walue in determining char 
acteristics of formations in the earth. 
The Wave form is Visible at all times on the os 

cilloscope 46. At any desired time in the opera 
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6 
tion of the System, detailed study of the waveforni 
is made possible by Opening the input circuit by 
means of SWitch 29a, and the feedback circuit 
by means of Switch 53d to prevent application 
of further signals to the amplifying network 24. 
At the same time, a SWitch 5 C, in the ooliterat 
ing circuit 6 may be opened for retention on the 
recording loop 36 of the signal which it is desired 
to study on the OScilloscope $6. In order that the 
number of additive operations inay at all times 
be known, a counter 62 may be provided driven 
from the notor 5 to indicate the number of 
cycies of operation of the contact of Switch 3. 
Counter 62 in manner Well understood by those 
skilled in the art is also used to open Switches 2d, 
53d and Sid after a predetermined number of 
cycles of operations of Switch 3, which will pre 
determine the number of additive operations car 
ried out by the System. Thereafter, the signal 
Will be continuously displayed by the oscilloscope 
46 for visual study, or it ray be applied to re 
cording equipient for perraialent record. 
Thus, in accordance with the above outlined 

procedures, electrodes , 2, 23 and 2 may be 
positioned at Selected pointS in a given area, cul 
rent applied to the earth through electrodes is 
and 2 for a Sufficientinuiber of cycles to ii) crease 
the signal-to-noise ratio by the Storing, detecting 
and combining operations to build up a signal or 
the magnetic Stolting in ediuin that is free of noise. 
A more general analysis. Of the above Outlined 

method Will now be presented to explair certain 
permissible and desirable modifications. Refer 
ence Should now be had to FigS. 2 and 3 and the 
following matherinatical analysis. 

Consider the block diagram of Fig. 2 Which 
operationally represents that portion of the Sys 
tem of Fig. 1 between the points at which the 
voltages (2) in) and (to) appear. It will he as 
sumed that the voltage effective at the input of 
the bridge 24 is equial to (in-layo). For con 
venience, the mixer bridge amplifier 28 of Fig. 1 
Will be given the Sarine reference character in 
Fig. 2. Similarly, the feedback armplifier or sec 
ond network is again identified by the reference 
character 56. The modulator 33, oscillator 35, 
the magnetic tape 36 with its associated regord 
ing and detecting heads 39 and 33, the discrimi 
nator 45, and the erasing circuit. A will be con 
sidered as recorder & having the following Spe 
cific rode of Operation, i. e., if the input to the 
recorder 6) is (lin) = f(t), then the Output, Will be 
(o) = f(t-0). That is, the output (to) of the 
recorder is the Sarahe as the input (Jin) thereto 
except delayed by a time interval (c.), deter 
mined in the magnetic recorder by the travel time 
of a given segment of the recording tape between 
the recording and detecting heads. 
There are several analytical methods that may 

be used to determine the character of the out 
put of the system when a particular input volt 
age which is a function of time is a SSuilled. A 
particular analytical method using the Laplace 
transform as an operator provides a more gen 
eral solution and additionally nakes available a 
usable expression for an impedance equivalent 
to, and describing the operation of, the iniXer 
recorder-feedback Systein. For the following 
analysis, Laplace transfor as Will be used, and, 
for the purpose of orientation, the Voltages in 
the system of Fig. 2 are listed in the following 
table together with the corresponding Or equiva 
lent Laplace notation therefor. 
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Conventional Notation Laplace Notation 

in-f(t) V= F(s) (1) 
wi = -1(vi-I-22) = f(i) V= -1 (Vin--V) (2) 
v=f'(t-a) V=VAeas (3) 
v2=vo(-B) Ve= V(-B) (4) 

Where: 
S is a Laplace operator; 
e is the base of the natural logarithms; 
A is the gain of the recorder 66; and 
B is the gain of the feedback amplifier 5. 

It Will be assumed that the mixer 24 has an 
amplification equal to one (1) aS respectS both 
(Jin) and (2) and has a phase shift of 180 de 
grees, i. e., there is a phase reversal of input 
signals in the mixer 24 without amplification. 
Its transfer characteristic or function, the ratio 
of (i) to (in-1-2), may therefore be expressed as 
T24= -1, Abeing unity. Additionally, from Equa 
tion 4 expressed in conventional notation, it will 
be seen that amplifier 53 has, in general, an ann 
plification factor equal to (B) and has a phase 
characteristic equal to (-1). Its transfer chair 
acteristic then is '50=-B. 

In order to understand the operation of the 
system, it will be desirable to evaluate the trans 
fer function (Ts) of the whole System in terms 
of the Laplace transforn. Mathematically, the 
transfer function, Ts, may be expressed as: 

V 
Vin 

The transfer function (s) may then be evalu 
ated in terms of the Laplace Equations 1-4 of 
the above table and in the following manner: 

=T (5) 

V 
V=VAea ; or A, -V. (6) 

The voltage (W1) expressed in Equation 2 in 
terms of (Win), (W2) and of the transfer func 
tion of the mixer 25 is: 

V1 = -1 (Vin. --V2) (7) 
Similarly, the feedback voltage (V2) is expressed 
by Equation 4 in terms of the output voltage 
(Wo) and the transfer characteristic (-B) of the 
amplifier 5: 

Vass-B Vo (8) 

By substituting Equation 8 into Equation 7 and 
the result into Equation 6 to eliminate the terms 
(V1) and (V2), the following relationship is ob 
tained: 

-2.--1 (V-BV.) (9) Aea 8 2?2. G 

O 

V W a g-BV = Vin. (10) 
O 

Y = 4,--T. (11) v. 1-A Be-as 
From Equation i.1 it can be see that the Output 
voltage (Vo) may be expressed in terms of the 
input voltage (Win) and the transfer function 
(Ts) of the wholie system; i. e., 

Ale" (12) V = - VT's = TV in Bala, 
In terms of conventional notation, the output 

voltage (vo) is equal to the inverse Laplace trans 

) 

20 

5 

60 

65 

70 

76 

3. 
form of the right-hand side of Equation 12; 
that is, 

... Ale" 
'I - A Be a 9 

where L-1 indicates that the inverse Laplace 
transform is to be taken. 

In order to proceed beyond Equation 13 in the 
evaluation of the output voltage (vo), the chair 
acter of the input Voltage (pin) must be taken 
into account and its conventional notation con 
verted to Laplace notation for Operation in a C 
cordance with the right-hand Side of Equation 
13. In order to Sisplify the mathematical ex 
planation of the operation of the Systein, it will 
now be assumed that a unit Step-fungtion input 
voltage is applied to the mixer 24. The unit step 
function input voltage inay be described rathe 
matically as follows: 

V= L-1- V (13) 

Ot<o 

it) o 
In other words, (in) reitains zeiro until a given 
instant, (t=0), and then in mediately jurips to, 
and thereafter remains at, a value equal to 
One (). 
The Laplace transform of Slich a Step func 

tion is: 

to-ucd- (14) 

(15) 

Where Emax has a nunnerical Value of one (1). 
Substituting the foregoing into Equation 13, the 
following relationship is obtained: 

Eax Ale - Aea 8 v=L-Pepag-L-- i. 
(16) 

By dividing the denominator into the numerator, 
the right-hand side of Equiation 16 becoines an 
infinite power series of the following form: 

- a -2a3 

y = L - A e-A Be-8 -- 
S S 

22-3 as (n-1) a-n as (AByrin.... (AB), etc...) 
(17) 

When Equation 16 is expressed as an infinite 
power series, Equation 17, the inverse aplace 
transform of each of the terns may be taken 
and the voltage (vo) may then be plotted as a 
function of time, (Jo) being equal to the Surn of 
all of the terns of Equation 7 as indicated. 
From tables listing Conventional functions and 
their equivalent Laplace transforms, it will be 
found that the inverse Laplace transform of the 
expression 

ea 8 

-F(s) 
is a specific function of (t-a), i. e., 

e - as 
L-1 

S 

This relationship may be found in transients in 
Linear Systerns, vol. 1, by Gardinei' and Barnes, 
published by John Wiley and Sons, Inc., 1942, at 
page 352, Equation No. 6.01. The Solution to 
Fquation 17 is plotted in Fig. 3 with (vo) as ordi 
nates against time as abscissae. The ordinates 
(Vo) are expressed in units of (Win) and the 
abscissae (t) are expressed in units of (c.). Ethe 
heavy line it represents a solution for the above 
assumed conditions, naineiy, that (vin) is Zero 
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until time (0) and is thereafter by a unit step 
function made equal to unity. 

Each terrn of Equation 17 will itself be a unit 
Step function. Since the product AB-1. The Out 
put (Jo) consists of the Sun of the Step fuliac 
tions, and they (the Successive terms of Equa 
tion 17 become effective sequentially at t-d, 2d, 
3a. * * * etc. Thus, unit increases (Wim) in the 
Value of (o) occur for each Successive tine in 
terval (c.). A?tore particularly, when: 

t is less than d, jo-0; 
after t-d, lo 
after t-c2d, yo-2; 
after t-3a, vo-3; 
after t-nd, o=7. 

It is to be noted that for this case Where the 
product of AB is equal to 1, the voltage output 
(o) is increased in direct proportion to the 
number of times interval (d) is repeated With 
corresponding additions to the unit step func 
tions (Win) or is directly proportional to (12). 
Now that the invention has been explained in 

connection with the example of the application 
of input signals (Win) in terms of the sinple unit 
step function, it is to be understood that the 
same principles of analysis are applicable for 
input signals of different type. Aliore particu 
larly, the input signals (Win) which will be ap 
plied in connection with electrical exploration 
of the earth will be of complex character. 
Nevertheless, the system above described and 
analyzed will successfully function to increase 
the signal-to-noise ratio. It is sufficient here 
to say that with application of an input voltage 
(Win) of repetitive character, such as a sinusoidal 
input voltage, adjustments are made so that, 
there will be phase coicidence between the feed 
back voltage (V2) and the input voltage (Win). 
The sinusoidal Voltage will be increased in mag 
nitude to the same extent and effectively in the 
same manner as the step function voltage illus 
trated in Fig. 3. That is, every instantaneous 
value of the sinusoidal voltage is increased as 
respects the output voltage (vo) in direct pro 
portion to the number of cycles in which feed 
back of the Sine Wave voltage is effective. 

It is to be noted, however, that for Sine wave 
voltages not having the foregoing phase coin 
cidence, and particularly sine wave voltages 
which might form a portion of the input volt 
age (din) that are irrational in frequency rela 
tion to the Sine Wave voltage having the fore 
ging phase coincidence, the increase in ampli. 
tude of such components will not be proportional 
to the number of feedback cycles. 
Applying the foregoing analysis directly to the 

System of Fig. 1, it will be seen that the re 
periodic signal component of the 

energy stored on the magnetic tape 36 may be 
increased in direct proportion to the ninber of 
cycles of operation of the feedback system sub 
ject only to the initations imposed by the corn 
ponents of the system embodying the inventions. 
There is a limit to the amplitude of Signals 
which the amplifiers 24 and 5 and the recorder 
6 will be able to accommodate without distor 
tion due to overdriving or saturation. There 
fore, operation of the System should take place 
Within the dynamic trange of the amplifiers and 
Of the recorder. In order to aSSure operation of 
the system below the upper limit of said dynamic 
range, the Signal on the tape 36 is only permitted 
to build up to a value corresponding with or just 
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below that upper limit, at which time input cir 
cuit, the feedback amplifier 55 and the erasing 
System 6 may be de-energized through opera 
tion of the counter mechanism 62, or otherwise 
effectively removed from the circuit. Thereafter 
the Signals stored on tape 36 may be studied or 
recorded Without distortion thereof. 
The method and System of Fig. 1 inay be nodi 

fied as hereinafter described. 
Referring again to Equation 17, it Will be seen 

that for repeated cycles of operation of the feed 
back System, the increase in signal amplitude is 
a function of the product (AB). It Will be re 
membered that (A) and (B) are the amplification 
factors of the recorder S and of the feedback 
anplifier 5, respectively (or the gain experi 
enced by the signal in passing therethrough). 
If the product (AB) is less than 1, then for re 
peated cycles of operation, instead of the output 
Voltage (o) increasing in unit StepS, Such as 
illustiated by the heavy line is of Fig. 3 for a, 
unit step function input, the output (vo) will in 
crease in a different manner Such as illustrated 
by the broken-line curve of Fig. 3. During 
the time interval, (a) to (2a) part of curve a 
is the same as curve 79 and corresponds in value 
to the first terrin of Equation 17. During the in 
terval fron (26) to (3d) the curve indicates 
an increased amplitude, the increase being rep 
resented by the partial ordinate (y) which is 
equal to the value of the second term of Equa 
tion 17. Similarly, the partial ordinate (g') is 
determined by the third term of Equation 17. 
If A- and B-0.9, then the amplitude of the 
output voltage (vo) at a time t-cd is equal to 1. 
and when t-2a, (Jo) -1.9. Similarly, the out 
put voltage at t-3a would be equal to (1.9--.81) 
or equal to 2.71. it will therefore be evident that 
the output voltage (o) will reach a maximu.in, 
approaching that maximum asymptotically at a 
rate dependent upon the product (AB). At in 
finity (t-cco), the maximum would be equal to 
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It is therefore evident that the product (AB) 
may be so adjusted that the range of signal out 
put will never exceed the dynamic range of the 
system, thus avoiding the need to utilize the 
counter device 62, or the Switches 2 cl, 53d and 
6 a for the circuit-interrupting operations above 
described. However, the signal component 22 of 
the input voltage (vo) at increased amplitude 

5 may be thereafter studied without interference 
by noise or distortion by circuit components of 
the System. 

Overdriving of the systein is prevented by the 
proper adjustment of the gain (B) of the feed 
back loop as by variation of the feedback resistor 
56 of the bridge 5. Further, the tape or imag 
netic recording mediurn 36 need not be a loop 
but may be of the spooled variety used in some 
cominercial magnetic recorders. Thus, either 
the complete closed loop or the spooled recording 
elenents may be used in connection. With the 
present invention. In the latter case the input 
signal is recorded and detected and after an in 
teval of time determined by the gain of the SyS 
tem, the signal will reach a maximurn. There 
after, the period during which the signal inay be 
studied on the oscilloscope & 6 is limited only by 
the remaining playing time of a given Spool of 
pagnetic recording wire or tape. After it has 
been unwound in One direction, it lay be re 
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wound for further studies of the signal recorded 
thereon of the signals erased for the next eX 
ploratory operation. Other modifications Within 
the scope of the invention will suggest then 
seives to those skiied in the art. 

Since in electrical prospecting Systerns aid 
methods it is often desirable to conduct investi 
gations at several frequencies, the rate of actua 
tion of the commutating device 3 is ordinarily 
adjustable so that it can be set at different 
values, as by varying the speed of operation. Of 
the driving motor. For the signal emphasizing 
action embodied in the present invention to take 
place at, each of the frequencies selected for Op 
eration, it is necessary only that the dista,33e 
between the point of recordiation of the signa. On 
the associated naginetic recording eerinst and 
the point of detection therefrom always be an 
integral number of Wave lengths of the desired 
signal. This may be accomplishad by driving 
the wheel or pulley 3 directly from the notor 
5 of variable speed, adjustable to Satisfy the de 

sired frequency reguiernents of the Signal 5 ag 
plied to the earth. In such case, the rate of op 
eration of the commutator 3 is directly piro 
portional to the velocity of the tape or magnetic 
element 35. Thus, once the recording haad 3 
and detecting head are adjusted for the desired 
and above expressed relationship, they need lot 
thereafter be changed. A change i frequency 
of the signal is automatically compensated for 
by a change in velocity of tape 35. However, in 
Systems where it is desirable or necessay to o 
erate the inagnetic tape 3 at a constaat Spaed, 
the distance between the recording and detecting 
heads 39 and 3 Inay be physically adjusted to 
compensate for changes in the frequency of the 
puses . In that case a constant Speed notor 
Would be associated with pulley 3, and motor 
of variable speed would drive the commutator 3. 

In Fig. 4 there is illustrated a modified form 
of recorder, without the additional components 
of the exploring systern of Fig. 1, that will replace 
the magnetic recorder. More particularly, that 
portion of Fig. 1 COElected between the conduc 
tor 32 of the bridge network 24 and the conductor 
5f leading to the feedback bridge ainplifier 5 
may be renoved and the consenser connutator 
systern of Fig. 4. Substituted therefoir. In this 
System there is provided a plurality of condainsers 
89, each having one terminal connected to a 
common ground conductor 8. The other ter. 
minal of each of the concensers 3 is coininected 
to one of a plurality of insulated cominutator 
Segments 82. A wiper airn 83 carried and driven 
at itS centar by a shaft, 84 is associated with the 
Systern and carries at one end a first, pair of 
brush contacts 85 and 36. The brush contact 
85 is biased toward the segments 82 for electrical 
contact there with and, Similarly, the brush Gan 
tact 86 is maintained in contact with a slip ring 
8. Brushes 35 and 36 are electrically common, 
being interconnected by a conductor 89. The op 
posite end of arn 83 carries a pair of brush coin 
tactS 95 and 2. Brush 3 is maintained in coin 
tact with the commutator segments 82 and the 
brush 3 contagits a second slip ring 2. The 
contacts 90 and 9 are electrically common, be-, 
ing interconnected by a conductor 93. The arm 
83 is rotated by a shaft 84 which may be driven 
by the motor 5 of Fig. 1 or by other means in 
Synghronous rotation with the opening and clos 
ing of Switch 3 of Fig. 1. The conducting ring 
87 is connected by way of the conductor 32 to 
the output of the bridge 24 of Fig. i. The con 
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ducting ring 2 is connected by way of conductor 
ef to the input grid of a bridge S.5 which is sinilair 
in construction and operation to the airplifier 
bridges A and 5 of Big. 1. The bridge output 
Gf the bridge 95 is then connected to the Con 
ductor if yhich, in Fig. 1, leads to the ampliiier 
bridge 5. he bridge anpier 95 serves as a 
buffer stage between the connautator recorder 
and the bridge 5. 

In cgeratici, the input voltage to the recorder 
is applied by Way of conductor 32, Slip ring 8, 
brush 88, conductor $9, and bush 5 to the Seg 
reintS 82 of ; a comutator device. As the Wiper 
arm 33 is rotated by shaft 84 in Synghronism 
with the input pulses S of Fig. 1, eiectric 
charges are Stoired on each of the condensers 
8 that aire proportionai to the Signal received 
by the detecting electrodes. The wipeir airn 93 
preferably is rotate one connplete revolution in 
the tine interval required for two complete 
cycles of the Sigis 5 of iig. 1. So that variations 
in magnitude of the charges on codensers 82 
correspond in form to two conplete cycles of the 
input voltage to the nixer 2:3. S, two coin 
plete signal cycles together Wiih raision dise 
Components will is Stored on the concienSerS 8. 
The Voltage Gil each CodeSer, at any instant 
during the first cycie that the input voltage is 
applied to the condensei connatator, will be 
ecial to the finai ate of ina, Voitage duriag 
the interva that the input, brush & is in contact 
with the corriultator segment 52 associated with 
the Cotideiaser Since the resistance in series with 
the brushes is low to provide a low time constant 
circuit. Thus, for the first, haif of revolution of 
the airn 53 a complete cyte of the input, voltage 
Will be Stored oil half of the cordensie's asso 
Ciated it the coideaser conntator. During 
tie SecGig half of the rotation of the aim 33 the 
Wave for is agai: Stored OI) the SecEld half of 
the condensei's aid ai, inse Sarase tire the one 
Cycle of the Signal Stored during the first half 
revolution is detected or picked up by the brush 
3 and applied to this inputt of the bridge 95 by 
way of can dueto. 83, rush 9 and slip ri f 

it will be evide that the charges stored on 
the CodeSerS SS correspond in agriude with 
Variations in the sigiai Ogut fria the bridge 
24. By COintinued rotation of the ari 83. Sinie 
a Sigila is detected for the eart, he charge 
on the condensers 35 will be incrementally in 
CreaSeg i) progCition to the magnitie Gif the 
input signai and in proportion to the intinaber of 
cycles of repeated storing due to the feadback of 
the detected Sigrial by way of cinductor 5 , while 
tha inoise coinor-3ts will not, Stifer the Sarie 
increase. Thise operation is described by the fore 
going inaith enaltical analysis just as was, the op 
eration of the Eagnetic recorder of Eig. 1. As 
Was the case. With the naginetic recording Syster, 
there Will be a dispiogOriorate increase in the 
amplitude of the cyclically repeated Signal coin 
pared to the randon noise COingonets Gf the 
ipit, Voltage. 
While particular enoodinents of the inven 

tion have been described, it will be understood. 
that furtheir rhodificatioS will how suggest 
themselves to... those Skilled in the art. It is 

a. 

therefore intended to cover Such modifications 
a.S. fall. Within the Scope of the appended cairns. 
What is claimed is: 
1. A System for measuring the periodically re 

Curring Signal CO(nponent of a voltage applied 
to the input terraials thereof which includes 
said signal component and noise energy of ran 
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3. 

dom polarity and amplitude which comprises a 
mixer circuit connected to said input terminals 
and responsive to Said signal, a recording Systern 
connected to the output terrainals of Said mixer 
and receiving and storing energy corresponding 
in form with said input signals, means for de 
tecting the stored signals, a feedback circuit Con 
nected between said detecting means and the 
input terriinals of Said mixer for adding the de 
tected signals and Said input signals With their 
periodically recurring signal conponentS in 
phase-coincidence whereby said last named con 
ponents are increrineintally increased With re 
Spect to randon Isise energy. 

2. A system for measuring the periodically re 
curring signal component of a voltage applied to 
the input, terminals thereof which includes Said 
signal component and noise energy of randora 
polarity and amplitude comprising a mixer cir 
cuit connected to said input, terminals and re 
sponsive to said signal, a magnetic recording 
systern connected to the output terminals of Said 
mixer for receiving and magnetically storing the 
output from said mixer in reproducible form cor 
responding with said input signals, means for de 
tecting the sacred signals, a feedback circuit Con 
nected between said detecting means and the in 
put terminals of said mixer for adding the de 
tected signals and said input signals with their 
periodically recurring signal components in 
phase-coincidence whereby said last named Con 
ponents are incrementally increased with respect 
to randon noise energy. 

3. A systein for measuring the periodically re 
curring signal component of a voltage applied 
to the input terminals thereof which includes 
said signal coraponent and noise energy of rail 
dorn polarity and amplitude coniaprising a bridge 
network having in one arm thereof an imped 
ance connected in circuit with said input ter 
minals dynamically controlled by Said voltage ap 
plied thereto, a magnetic recording Systein con 
nected to the output diagonal of said bridge net 
work and responsive to output signals therefron, 
said ragnetic recording System having a travel 
ing magnetic storage element driven at constant 
velocity for receiving said signals in for a corre 
sponding with said voltage, a, detecting head ad 
jacent said magnetic storage element later in the 
travel pati than the point of storage and Spaced 
therefrom froy an integral number of Wave 
lengths of said periodically recurring Signal coin 
ponent of said output signals, a feedback path 
connected between said detector and Said input 
terminals for adding said detected Signals to Said 
voltage whereby the ratio of the amplitude of 
said periodically recuring signal component to 
the araplitude of said randon noise components 
is incrementally increased. 

4. In an electrical System in Which there ap 
pears a voltage comprised of repeatedly occurring 
signals winich are to be measured and relatively 
high amplitude randon noise, the combination 
comprising a nagnetic storing medium, Ineans 
for recording said repeatedly occurring Signals 
on said medium in reproducible form, neans for 
detecting said stored signals in Synchronism. With 
succeeding cycles of Said signals, means for Com 
bining said detected signals and Said repeatedly 
occurring signals successively to increase the an 
plitude of said stored energy in direct proportion 
to the number of storing operations and to Sub 
stantially cancel Said random noise, and means 
for measuring the amplitude of said stored en 
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4. 
ergy after a predetermined number of storing op 
erations. 

5. Means for measuring a constant frequency 
alternating current Signal in the presence of high 
amplitude radion noise energy comprising an 
energy storing medium, means for continuously 
storing energy on said medium proportional to 
the Sun of Said noise energy and Said Signal, de 
tecting neans for generating a Sigal propor 
tional to the energy Stored. On Said medium, and 
means for adding the detected Signal to Said 
Sun, with the constant frequency alternating 
current component of Said Sun and of Said de 
tected signal in phase-coincidence whereby the 
ratio of amplitude of Signal energy to noise is 
incrementally increased in direct proportion to 
the ruliner of storing operations. 

3. In a system for reasuring a constant fre 
quency alternating Current Signal in the presence 
of high anpiitude raision noise energy having 
a constant velocity traveling magnetic mediura, 
the combination which comprises ineans for Stor 
ing the sun of said signal and said randon noise 
on said traveling aedii, a detecting head 
Spaced from the Storing point a distance propor 
tional to the velocity of said tape and inversely 
proportional to said constant frequency for de 
tecting the signals Stored thereon, and Ileans 
for adding said detected Sigal to Said Sul in at 
the storing point with the constant frequency 
components thereof in phase whereby the ratio 
of amplitudes of Said constant frequency alter 
nating current signal to said random noise is in 
creased in proportion to the number of Storing 
operations. 

7. In an electrical prospecting System. Where 
equially spaced pulses are applied to the earth's 
Surface and constant frequency electrical Signals 
resulting therefroin are to be ineasured in the 
presence of high amplitude randon noise Signals 
combined therewith, the combination. Which 
coaprises a magnetic storing tiedium driven at 
constant speed, anpiifying neans for applying 
said combined signal to Said magnetic storing 
medium, means for detecting said Signal at a 
point an integral in laber of wave lengths of Said 
constant frequency signal froin the point of Stor 
age thereof on said storing mediurn, circuit 
means connected to said detecting means for 
adding each cycle of said detected Signal and of 
said combined signals in the storing circuit for 
repeatedly and selectively reinforcing signals of 
said constant frequency with respect to Said high 
airpitude rando rioise energy. 

8. A Syster for Selectively treating a voltage 
having a periodic componeia, and Oise energy 
of randon polarity and airplitude applied to the 
input terrainais comprising inea, is for coratin 
uously recording a signal proportional to Said 
woitage and having an ainplification factor A, 
means for detecting said recorded signal at a 
tine (a) after recordation thereof, a feedback 
network connected between Said detecting nea.ins 
and said input terminals having amplification 
factor B, said system having an overal transfer 
function expressed by a Laplace transforial func 
tion equal to 

where the product of AB is not greater than One 
(3) and e is the base of the natural logarithms, 
and S is a Laplace Operator. 

9. The System set forth in clairn 8 in Which 
the product of AB is leSS than One (1). 
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10. The combination set forth in claim. 8 
wherein the linait of a converging power Series 
of the product of AB lies within the dynamic 
range of Said Systeia. 

11. A system for measuring the periodically 
recurring Signal component of a Voltage applied 
to the input terminals thereof which includes 
Said Signal coin poeint and noise energy of all 
don polarity and amplitude comprising a mixer 
circuit connected to said input terminals and re 
Sponsive to Said Signal, an electrostatic record 
ing System connected to the Output terminals of 
said mixer for receiving and storing successively 
a plurality of eiectric charges which vary in 
magnitude and for corresponding with Said 
input siginals, means for Successively detecting a 
Voitage proportions to the magnitude of Said 
Stored charges, a feedback circuit, connected be 
tween the detecting ineals and the input, terrini 
inals of Said nixer for adding the detected voltage 
and said input, signals with their periodically re 
curring Sigila components in phase-coincidence 
whereby said last named cornponents are in 
crementally increased with respect to said ran 
dom. Oise energy. 

i2. A Systein for reasuring the periodically re 
curring signal cornponent of a voitage applica to 
the input terminals thereof which includes said 
signal cornponent and noise energy of random po 
larity and amplitude comprising a mixer circuit 
connected to said input terminals and responsive 
to said Siginal, a nulti-segment coiaratator hav 
ing associated therewith a pair of diametrically 
opposed contact making brushes, a plurality of 
condeinsei'S, one connected to each of the seg 
neits of Said connutator, rileans for rotating 
said brushes iii Synchronism with said periodic 
Signal coiniponent, a circuit, connection between 
One of Said brushes and the output of said nixer 
circuit for successively storing on each of said 
condensei's an electric charge proportional to an 
instaintaneous value of the output from said 
mixer, a feedback circuit, a circuit connected 
between the output of Said feedback circuit, 
and the ill put of Said ::iixer, and 
COInnection between the Secoid of Said crushes 
and the input of Said feedback circuit for detect 
ing fron Said condensers and applying to said 
feedback circuit a voltage proportional to said 
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electric charges to add at the input terminals of 
said mixer the detected voltage and Said input 
signals with their periodically recurring signal 
components in phase-coincidence whereby Said 
last named components are incrementally in 
creased with respect to randon noise energy. 

13. A System for measuring the periodically 
recuiring Signal component of a voltage which 
includes said signal component and inoise einergy 
of randon polarity and annplitude, which com 
prises means for storing in reproducible form 
said voltage for a plurality of cycles of Saidi peri 
odically recurring signal component, reais for 
detecting said stored signal, and ineans for add 
ing the detected signai to a Suissequent cycle of 
said periodically recurring signal cornponent in 
phase-coincidence therewith for incrementally 
increasing the airplitude of Said CCInpoilet relia 
tive to said raidioia inoise energy. 

4. A Syster for reasuring the pairiodic Sig 
nal component of a composite Signal which haS 
said periodic signal component repeatedly re 
curring in time combined with oscuring 'an 
dom noise energy, which coin prises reans for 
storing in reproducible form an annplitude-time 
function corresponding With Said CCR3 posite Sig 
na, means for detecting a signal co"I'esponding 
With Said Stored energy, ne&S for adding the 
detected signal to Said composite Sigila, later 
in time with said constant freque:ncy coinpo 
nents thereof in phase-coincidence with the ratio 
of the foriner to the latter eqai to or less than 
one, and means for repeatedly storing the Sura 
of Said Signals for increasing the airplitude of 
said constant frequency components relative to 
the noise in Said colposite Signal iin proportion 
to the number of the repeated storing operations. 
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